Background: Epidural analgesia is a popular choice for labour pain relief. Patient satisfaction is an important patientcentric outcome because it can significantly influence both mother and child. However, there is limited evidence in the correlations between clinical determinants and patient satisfaction. We aim to investigate clinical covariates that are associated with low patient satisfaction in parturients receiving labour neuraxial analgesia. Methods: After institutional ethics approval was obtained, we conducted a retrospective cohort study using electronic and corresponding hardcopy records from 10,170 parturients receiving neuraxial analgesia between the periods of January 2012 to December 2013 in KK Women's and Children's Hospital in Singapore. Demographic, obstetric and anesthetic data were collected. The patient satisfaction scores on the neuraxial labour analgesia was reported by the parturient at 24 to 48 h post-delivery during the post-epidural round conducted by the resident and pain nurse. Parturients were stratified into one of three categories based on their satisfaction scores. Ordinal logistic regression models were used to identify potential covariates of patient dissatisfaction. Results: 10,146 parturients were included into the study, of which 3230 (31.8%) were 'not satisfied', 3646 (35.9%) were 'satisfied', and 3270 (32.2%) were 'very satisfied'. Multivariable ordinal logistic regression analysis showed that instrumentassisted vaginal delivery (p = 0.0007), higher post-epidural pain score (p = 0.0016), receiving epidural catheter resiting (p < 0.0001), receiving neuraxial analgesia at a more advanced cervical dilation (p = 0.0443), multiparity (p = 0.0039), and post-procedure complications headache (p = 0.0006), backache (p < 0.0001), urinary retention (p = 0.0002) and neural deficit (p = 0.0297) were associated with patient dissatisfaction. Chinese, compared with other ethnicities (p = 0. 0104), were more likely to be dissatisfied. Conclusions: Our study has identified several clinical determinants that were independent associated factors for low patient satisfaction. These covariates could be useful in developing a predictive model to detect at-risk parturients and undertake time-sensitive precautionary measures for better patient satisfaction.
Background
Epidural analgesia is a popular choice for parturients in addressing labour pains [1] [2] [3] [4] . This provides effective pain relief with excellent safety profiles for the mother and fetus [5] [6] [7] . Given the high quality of analgesia, labour epidural analgesia could achieve high patient satisfaction [8] .
Healthcare professionals have become increasingly more interested in improving long-term outcomes of the care provided. Patient satisfaction in childbirth holds important significance with respect to a patient's outcome and experience. Having a positive experience during childbirth improves the self-esteem of mothers and their confidence in taking care of their newborns [9] [10] [11] , while a negative experience promotes the risks of developing postnatal depression, poor breastfeeding and, arguably, child neglect and abuse [10] [11] [12] [13] . Therefore, it is important to identify potentially modifiable factors which are associated with patient satisfaction so that medical professionals are better prepared to promote a better outcome. Furthermore, patient satisfaction is an indicator of the quality of healthcare; it is imperative for medical professionals to be patient-centric and to tailor therapies to achieve the optimal patient care [14] [15] [16] . Achieving high patient satisfaction in labour epidural analgesia is therefore, a reflection of the quality of epidural service delivery. However, there is a paucity of information in the literature that explores the factors influencing patient satisfaction. Hence, the aim of this study is to investigate and identify factors which are associated with low patient satisfaction in parturients receiving labour neuraxial analgesia for labour pain.
Methods
We conducted a retrospective analysis of the labour neuraxial analgesia electronic database obtained from a single-centre at KK Women's and Children's Hospital, Singapore, between 01 January 2012 and 31 December 2013. The SingHealth Centralised Institutional Review Board approval was obtained prior to the commencement of the study (SingHealth CIRB Ref: 2012/259/D) and the need for informed consent was waived by the CIRB. The electronic records comprising labour neuraxial analgesia forms of 10,170 parturients were retrieved. The electronic database was thoroughly screened for missing and irregular data, and the hardcopies of the corresponding records were reviewed in this event to complete the entries. All the paturients who underwent neuraxial labour analgesia during the study period were included. According to our institution guidelines, all parturients would receive combined-spinal epidural (CSE) analgesia. However, if CSE posed much difficulty to perform, the attending anesthetist might choose to induce epidural analgesia conventionally, without the spinal analgesia component, as the next line of action. Regardless of the induction of analgesia by CSE or conventional epidural technique, analgesia was maintained through an epidural catheter with a regimen consisting of 0.1 -0. 125% of ropivacaine plus 2 μg/ml of fentanyl with a continuous infusion at a basal rate of up to 10 ml/h. The demographic data (maternal age, body mass index and ethnicity), obstetric data (parity, pre-epidural cervical dilation and mode of delivery) and anesthetic data (type of neuraxial analgesic technique received, pre-and post-epidural pain scores, occurrence of epidural catheter resiting, total time taken to perform procedure and occurrence of breakthrough pain experienced) were collected. Breakthrough pain was defined as maternal complaints of pain or pressure that required one or more doses of unscheduled supplemental epidural medications [11] . Breakthrough pain was treated by the attending anaesthetist or resident using a typical regimen of 0.2% ropivacaine 5-10 mL, with or without fentanyl 50 mcg. Pre-and post-epidural pain scores were determined using the Visual Analogue Scale. In addition, the occurrence of complications associated with neuraxial analgesia (headache, backache, nausea/vomiting, shivering, itching, urinary retention and neural deficit) was also recorded by a standard postpartum questionnaire. Neural deficit was defined as any parturient complaint of weakness and/or numbness in the lower limbs between 24 to 48 h post-delivery and urinary retention was defined as the need for presence of indwelling urinary catheter inserted during labour and delivery still present 24 to 48 h post-delivery.
Patient satisfaction post-delivery on the neuraxial labour analgesia was defined as a numerical rating scale as a percentage (0 to 100%) reported by the parturient at 24 to 48 h post-delivery during the post-epidural round conducted by the resident and pain nurse. Patient satisfaction was routinely asked by the anesthetic service and the parturient was encouraged to provide a score. Parturients with reported satisfaction lower than 80%, between 80 and 90%, and greater than 90% were considered as 'not satisfied' , 'satisfied' and 'very satisfied' respectively. These cut-offs were used as audit standards by the institution. The primary outcome of patient satisfaction was treated as ordinal categorical data.
Statistical analysis
All demographic, clinical and anesthetic data were summarized with respect to status of patient satisfaction. Continuous variables were summarized either as mean with standard deviation (SD) or median with interquartile range (IQR) and range, and categorical variables were summarized as frequency with proportion. Univariate and multivariable ordinal logistic regression models with cumulative link models were used to identify the associations between potential covariates and level of patient's satisfaction. The category of interest in our analysis was parturients who were 'not satisfied'. Associations from the ordinal logistic regression models were characterized using odds ratio (OR) and corresponding 95% confidence interval (95% CI). Variables with p-value < 0.2 in the univariate model were selected for the multivariable model. Then union of the variables from forward, backward and stepwise method were used to finalize the variable lists in the multivariable model with entry and stay criteria as 0.2 and 0.05 respectively. Then we used likelihood ratio test followed by area under the curve (AUC) to decide the final multivariable model. Then we explored multicollinearity using Pearson's product moment correlation and managed by stepwise variable reduction and quantified by variance inflation factor (VIF). We fit stepwise regression method with clinically meaningful interaction effects with entry and stay criteria as 0.05 and 0.05 respectively. We also compared model with and without interaction effects for performance checking based on Akaike's information criterion (AIC) and AUC from receiver's operating characteristics (ROC) curve. If models with and without interaction effects has similar level of performance then based on principle of parsimony, the model without interaction effects would be selected as the final multivariable model. Significance level was set at 0.05 and all tests were two-tailed. SAS version 9.3 software (SAS Institute; Cary, NC, USA) was used for the analysis.
We had 10,171 eligible patients. Among them 1 patient had incomplete data. Out of these 10,170 patients, 10,146 patients had non-missing information of patient's satisfaction. Our primary objective was to find associated risk factors for "very satisfied" and "satisfied" groups. Peduzzi et al., Concato et al. and Vittinghoff et al. recommended that multivariable logistic regression models should be used with at least 10 events per predictor variable [17] [18] [19] . We had 20 clinically meaningful variables to account for in the multivariate model and hence we needed at least 2*10*20 = 400 events in the data. In our data, prevalence of "satisfied" and "very satisfied" group were at least 30% in each group i.e. we had more than 3000 patients in each "satisfied" and "very satisfied" groups. Our study was adequately powered (> 90%) with 10, 146 patients based on following assumptions: proportion of "satisfied" / "very satisfied" as 30%, OR of 1.5 (or 0.67) and alpha or type I error rate as 5%.
Results
A total of 10,170 parturients were selected for the study. 23 parturients had missing data on patient satisfaction scores and one parturient had data that could not be traced, hence these parturients were not analysed. Among these 10,146 parturients, 3230 (31.8%), 3646 (35.9%) and 3270 (32.2%) were 'not satisfied' , 'satisfied' and 'very satisfied' respectively. The flow chart of the study is illustrated in Fig. 1 . Table 1 shows the demographics of the parturients.
Univariate and multivariable ordinal logistic regression models are presented in Table 2 to reflect the associations between potential covariates and patient satisfaction with reference to 'very satisfied' category. Univariate ordinal logistic regression model showed that age, ethnicity, mode of child delivery, multiparity, longer time taken to complete neuraxial analgesia, occurrence of epidural catheter resiting, higher post-epidural pain score, and occurrence of post-epidural complications of headache, backache, neural deficit and urinary retention were associated factors for lower patient satisfaction ('not satisfied' , 'satisfied' categories).
Multivariable model with interaction and without interaction had similar AUC and AIC values, hence we chose model with main effects only. Multivariable ordinal logistic regression model showed that parturients who were Chinese (p = 0.0104) and multiparous (p = 0.0039) were more likely to report post-delivery dissatisfaction. Covariates in the intrapartum period that were associated with lower patient satisfaction were parturients who received instrument-assisted vaginal delivery (p = 0.0007), resiting Interestingly, parturients who received lower-segment caesarean section (LSCS) for child delivery were more likely to report higher patient satisfaction (p < 0.0001).
Discussion
We found that experiencing higher post-epidural pain score, having instrument-assisted vaginal delivery, receiving epidural catheter resiting, and receiving neuraxial analgesia at a more advanced cervical dilation were intrapartum factors associated with low patient satisfaction. Post-procedure complications such as headache, backache, urinary retention and neural deficit were associated with low patient satisfaction. Chinese ethnicity and multiparous parturients were also more likely to report low patient satisfaction.
The knowledge of these clinical associated factors for patient dissatisfaction could be useful to the attending anesthetist to risk-stratify parturients at higher risk of reporting low patient satisfaction and institute strategies to improve clinical outcomes. The importance of patient satisfaction in labour neuraxial analgesia could reflect the quality of analgesia, including the effectiveness and 
Reported post-epidural complications, n(%) [20] . This finding also corroborated with other studies [21, 22] . On the other hand, Charuluxananan et al.
showed that patient refusal of neuraxial anesthesia was correlated with a low patient satisfaction score [23] . These demonstrate the relationship between patient satisfaction and the likelihood to receive neuraxial anesthesia in future. However, although analgesic effectiveness contributes to the satisfaction with labor analgesia care, it is not the only contributor to patient satisfaction [24] .
Ethnic difference in patient satisfaction was found in our study. Chinese was used as the reference ethnic group because it was the majority of the study population. When compared against Malays, Chinese parturients were less likely to report higher patient satisfaction. Several studies have suggested interethnic differences on the outcomes of epidural analgesia in parturients [25] [26] [27] . Cultural differences could lead to women perceiving the process of childbirth, coping mechanisms and labour pains differently, thereby leading to the differences in patient satisfaction [27, 28] . In the non-obstetric setting, it has been shown that pain perception was underestimated in ethnically diverse populations [29, 30] ; our study implies a similar picture might be occurring in the obstetric setting in terms of patient satisfaction.
Pain experienced whilst being on labour neuraxial analgesia is a significant association factor for low patient satisfaction. Furthermore, Carvalho et al. found that pain experienced during and after caesarean delivery were important patient concerns [31] . Not surprisingly, our results showed that higher post-epidural pain scores experienced by the parturient were associated with lower patient satisfaction. A likely explanation to this could be parturients' expectations of minimal to no pain experienced after receiving neuraxial analgesia, which when they fall short of, result in lower patient satisfaction. We found that multiparous parturients, when compared with nulliparous parturients, were more likely to be dissatisfied after receiving neuraxial analgesia. This association has not been well studied, and there are differing views with regards to how parity affects patient satisfaction. Koteles et al. has shown in their study that multiparous women were less receptive towards epidural analgesia and were less likely to use it [32] . However, Bélanger-Lévesque et al. has shown in their crosssectional study of 200 mothers that parity could suggest higher patient satisfaction, as prior experience increased their preparation for their current childbirth [33] .
Parturients who had instrument-assisted vaginal deliveries were more likely to be dissatisfied as compared to parturients who had normal vaginal deliveries. Our findings were corroborated by a cluster analysis study performed by Rudman et al. that reported negative correlations between patient satisfaction and incidence of instrumentassisted vaginal delivery [34] . It is likely that instrumentassisted vaginal delivery is an indicator of difficult labour, and parturients could have experienced more pain.
Interestingly, we found that parturients with increased cervical dilation at the onset of neuraxial analgesia administration were more likely to be dissatisfied. The initiation of neuraxial analgesia in early labour has been found to be associated with an increased maternal satisfaction and shortened first stage of labour, without increasing the risk of caesarean deliveries [35] . The provision of neuraxial analgesia later in labour could also be associated with lower pain control for a longer period of time prior to receiving neuraxial analgesia.
The occurrence of epidural catheter resiting reported in our study was 0.71%, lower than those reported in previous studies [36, 37] . We found that patients who underwent epidural catheter resiting were more likely to be dissatisfied. As with any invasive procedure, epidural catheter resiting poses considerable distress to parturients and could in itself be perceived as an adverse event in labour epidural analgesia. The repeated procedure also introduces a greater risk of complications in addition to a higher financial cost. Furthermore, the resiting of the epidural catheter is usually performed when the catheter malfunctions or is misaligned. As such, the earlier epidural catheter could have provided inadequate analgesia and resulted in poor pain relief and patient distress, prior to the resiting procedure. Hence, catheter resiting could be a surrogate marker for inadequate analgesia that contributed to a lower patient satisfaction.
The presence of complications after receiving neuraxial analgesia was significantly associated factors relating to low patient satisfaction [22, 38] . It is important to be cognizant of these postoperative complications not only because they could lead to lower patient satisfaction in the current pregnancy, but also increase the tendency of refusing labour neuraxial analgesia in future pregnancies [39] . Of note, the association of post-delivery backache with neuraxial block has not been conclusively determined even though it may be perceived as otherwise [40] [41] [42] . Hence, education on post-delivery backache should be included in maternal informed consent as it may potentially help manage parturients' expectations and remove misconceptions.
Nevertheless, we acknowledge the limitations that exist in our study. Patient satisfaction is a multidimensional parameter which could be related to patient, obstetric, anesthetic and psychological factors. Parturients could have reported higher patient satisfaction scores when asked by the anesthetic service as they might have felt obliged to give a higher patient satisfaction score while they were still hospitalized and might potentially require further services from the attending anesthetist [20, 38] . We tried to mitigate this risk by having patient satisfaction scores obtained in this study 24 to 48 h after delivery by a different anesthetist who had not been directly involved in the anesthetic care of the parturient. Furthermore, recall bias could be a significant factor. Furthermore, satisfaction is multidimensional and could be influenced by many factors such as family support, environmental changes and mood changes [43] , many of which were not accounted for in this study despite the large study population that conferred a good statistical power.
Conclusion
In conclusion, we found several clinical determinants in the provision of neuraxial analgesia that may have significant influences on patient satisfaction in this study. These determinants are important for the anesthetist to risk-stratify parturients, with further data analytics, as there are time-sensitive opportunities for necessary measures to enhance better patient satisfaction and the quality of holistic care. Further studies are needed to determine if modification of these risk factors affects patient satisfaction scores. 
